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Abstract
Background: There are many pathological conditions with hepatic iron overload. Classical definite diagnostic
methods of these disorders are invasive and based on a direct tissue biopsy material. For the last years the role of
MR imaging in liver diagnostics has been increasing. MRI shows changes of liver intensity in patients with hepatic
iron overload. Changes in MR signal are an indirect consequence of change of relaxation times T2 and T2*, that
can be directly measured.
The purpose of the study was to evaluate usefulness of MR imaging in the detection of hepatic iron overload in
patients with cirrhosis of different origins.
Methods: MR imaging at 1.5T was prospectively performed in 44 patients with liver cirrhosis who had undergone
liver biopsy with histopathological assessment of hepatic iron deposits. In all patients the following sequences
were used: SE, Express, GRE in T2 and T1-weighted images. Signal intensity (SI) was measured on images obtained
with each T2 weighted sequence by means of regions of interest, placed in the liver and paraspinal muscles. The
correlation between iron overload, histopathological score, serum ferritin and SI ratio was analyzed.
Results: In 20 patients with iron overload confirmed by the biopsy, the liver parenchyma demonstrated lower
signal intensity than that of paraspinal muscles. This effect was visible only in 8 patients with hepatic iron overload
in Express T2-weighted images. Higher signal intensity of liver than that of skeletal muscles on GRE - T2 weighted
images was noted in 24 patients with cirrhosis and without elevated hepatic iron concentration. We observed a
correlation between low and high iron concentration and liver to muscle SI ratio.
Conclusion: MR imaging is a useful and fast noninvasive diagnostic tool for the detection of liver iron overload in
patients with cirrhosis of different origins.
Liver to muscle SI ratio in GRE-T2-weighted sequence facilitates to differentiate patients with low and high degree
of hepatic iron overload, which correlates with the origin of liver cirrhosis.
Background
There are many entities in human pathology with hepa-
tic iron overload. There is controversy regarding
nomenclature of these states, however, the classic exam-
ple of primary iron overload is defined as hereditary
hemochromatosis (HH). HH is one of the most com-
mon genetic disorders and the second most frequent
metabolic liver disease - with the frequency of 3-8
cases/1000 people [1-3]. HFE gene is involved in most
cases of hereditary hemochromatosis type 1 due to its
two recessive missense mutations Cys282Tyr and
His63Asp [4]. The inborn defect of iron metabolism
leads to progressing iron deposition in the liver, pan-
creas, heart and endocrine glands. There are also other
types of primary hemochromatosis associated with dif-
ferent genetic anomalies, including juvenile HH, TFR2-
associated, ferroportin-associated and neonatal HH [5].
Secondary/acquired iron overload diseases develop as a
consequence of iron loading anemia, thalassemia and
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of a low grade is common in many chronic liver diseases.
The examples are: chronic viral hepatitis especially type C,
alcoholic liver disease, non-alcoholic fatty liver disease
(NAFLD), hepatic porphyria and cirrhosis. In inflamma-
tory disorders, the accumulation of iron may correlate
with the level of inflammation and stage of disease. More-
over, there is a possibility of a coincidence of HH with
above mentioned liver diseases and in some cases only
genetic examination yields the final diagnosis.
The biochemical markers of the iron metabolism dis-
orders include elevated concentration of iron and ferri-
t i na n dt r a n s f e r r i ns a t u r a t i o ni np l a s m a .H o w e v e r ,t h e s e
parameters are not always specific for body iron load
[6]. A confirmation of overimposed tissue iron deposi-
tion is the gold standard in HH diagnosis. For years,
quantitative spectrophotometric analysis of the biopsy
sample has been the best method for its direct assess-
ment in the liver [7]. Another widely accepted method
is based on histological indirect assessment of the hepa-
tic iron stores on tissue slides stained with Prussian
blue- Pearl’s stain, identifying ferric iron. There are
many grading systems for hepatic iron stores. Most
commonly used in routine histopathology practice is
Scheuer’s system and Deugnier’s system for the experi-
mental studies [8]. However, the efficacy of this exam is
limited in the patients with liver cirrhosis due to rela-
tively low sample representativity. The iron concentra-
tion in such cases can be uneven because of irregular
fibrosis and nodular remodeling of the organ [9].
Optimization of the standards and introduction of
non-invasive assessment of body iron accumulation by
means of magnetic resonance imaging (MRI) has been
recently pursued. Modification of the signal intensity in
magnetic resonance imaging in presence of iron, espe-
cially in T2-weighted images is the key factor in clinical
application of this diagnostic method. Changes in MR
signal are an indirect consequence of change of relaxa-
tion times T2 and T2*, that can be measured directly.
MRI allows both the recognition of excessive iron
accumulation in liver tissue and the evaluation of the
level of iron overload [10,11] In the recent studies a
good correlation between MR technique and biopsy
results with LIC measurement was observed [11-13].
In everyday practice two basic methods of hepatic iron
content have been used: older and better known signal/
ratio technique is based on signal intensity of liver and
paraspinal muscle in 5 GRE sequences and on correla-
tion between these values and calibration curve of iron
concentration in a biopsy sample. However, this techni-
que today is almost completely overcome by quantitative
techniques, consisting of the direct calculation of T2 or
T2* by fitting an appropriate decay model to the average
signal intensity at various echo times [12-15].
Direct conversion of T2 or T2* in quantitative iron
content is possible by establishing of calibration curves
for quantitative iron overload assessment for these mul-
tiecho SE or GRE approaches.
MR technique is a modality of choice especially in
patients presenting contradictions to liver biopsy or in
cases when the quantitative assessment of liver iron
concentration cannot be performed. This method can
also have an important clinical meaning in patients with
irregular iron deposition in liver cirrhosis. The techni-
que may enable assessment of differences in iron
deposition in patients with cirrhosis of different origin.
In the recent studies a correlation between iron overload
and pathogenic HCV and alcohol overdosing has been
proved [16-18].
According to our knowledge, the presented study is
the first research to use MR imaging in iron deposition
assessment in cirrhotic patients of different origin.
The aim of the study was to assess the efficacy of MRI
examination in the detection of liver iron overload in
patients with liver cirrhosis of different origins. Liver
signal intensity and liver-to-muscle SI ratio was esti-
mated and compared with histologically assessed level of
liver iron concentration [19,20] and serum ferritin
concentration.
Methods
The study was performed on 44 consecutive patients
with liver cirrhosis. They were chosen from the total
number of 300 patients with hepatic pathology exam-
ined with MRI in our department (period 2004-2008)
who underwent the liver biopsy with histopathological
iron load assessment in the liver specimen and no
adjustments to chelation treatment were made between
examinations. The period between two investigations
was maximum 31 days.
The examined group consisted of 27 men and 17
women aged from 22 to 81 years (median 64 years).
Iron deposition in the oligobiopsy specimen was eval-
uated according to Scheuer’s grading scale on tissue sec-
tions stained with Pearl’s method [19].
The MRI was performed in 11 patients due to hemo-
chromatosis suspicion whereas in 33 people hepatocellu-
lar carcinoma in course of cirrhosis was suspected.
In 11 above mentioned patients hemochromatosis was
suggested because of abnormal biochemical tests of iron
turnover (iron concentration > 28 micromol/l with
increased transferring saturation > 50% or increased fer-
ritin concentration > 400 ng/ml) and histopathologically
proved iron deposition within the hepatic tissue. In all
these patients HFE gene molecular analyses were
conducted.
Genetic testing for C282Y, H63D and S65C HFE gene
mutations was performed by PCR and restriction
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after extraction of genomic DNA from blood leukocytes,
collected from 11 patients. The method was previously
described [21]. Homozygotic C282Y and combined het-
erozygotic C282Y/H63D HFE mutations were consid-
ered as a genetic manifestation of HH.
MRI examination was performed with 1.5 T MR scan-
ner (Eclipse- Picker). The sequences SE, Express, GRE
in T1 and T2-weighted image were used in three planes.
All these sequences were carried out on breath-hold
images with layer width of 5-6 mm, gap: 1 mm, matrix
226 × 256, FOV: 34 - 40 cm, with the body coil type.
The precise description of T2-weighted sequences used
to iron overload assessment are presented in table 1.
In cancer suspected cases the additional multiphase
exam after i.v. contrast medium administration was
done.
The MR image analysis of iron overload within the
liver was semi-quantitative. The measurements of liver
signal intensity (liver SI) were made in 5 random points
of area 2-4 cm
2(100-200 pixels) far from big blood ves-
sels and within the back muscles (muscle SI) in three
random points. Signal intensity (SI) was measured on
images obtained with each T2-weighted sequence by the
means of regions of interest, placed in the liver and
paraspinal muscle to obtain the liver-to-muscle SI ratio.
Next, the comparative evaluation of liver and muscle SI
was made and the liver-to-muscle SI ratio was counted.
The next analyses concerned the examination of a
relation between liver SI and the level of liver iron
deposits assessed by histopathological methods. The
liver-to muscle SI ratio was also compared with the his-
topathological grade of iron load [10,20,22,23]. Accord-
ing to the literature, the marker of HH was liver SI
lower than SI of back muscles (fig. 1, 2, 3).
The difference between liver SI and liver-to muscle SI
ratio in cirrhotic patients of various origin (HH, HCV-
related cirrhosis, HCV - HBV related cirrhosis and HBV
related cirrhosis) has been evaluated. Additionally the
correlation between ferritin level and Scheuer’sg r a d i n g
scale was calculated.
To prove that sequences proposed by our team,
Express and GRE, are reproductive and that signal
intensity used in these methods depends on iron con-
centration, we preformed additional examination of 23
phantoms made of fragmented pork liver. 20 of the
phantoms contained increasing iron (III) chloride con-
centrations and 3 were used as validation. After subject-
ing fragment of liver used to drying at 104°C for 24
hours, the phantoms’ wet-weight (ww) iron concentra-
tion were converted to dry-weight (dw) concentrations.
The research was approved by Independent Bioethic
Committee for Scientific Research of Medical University
of Gdansk (NKEBN-443-2004) and patients gave their
written informed consent to participate.
For statistic analysis program STATISTICA 8 (StatSoft
Inc, Tulsa, OK, USA), Mann-Whitney U test and Spear-
man’s rank correlation coefficient were used. ROC curve
was calculated with MedCalc 9.6.2.0 (MedCalc Software
bvba, Belgium).
Results and Discussion
All patients were classified as a group A of cirrhosis in
Child-Pugh score. In liver biopsy of 20 patients, the
increased iron load was found with a grade 1-4 in
Scheuer’s scale. These patients were described as a sub-
group A made of 15 men and 5 women at the age 22-
73 (median 55 years). More than a half of the subgroup
A - 11 people included the patients with clinical suspi-
cion of HH and with high levels of iron and ferritin
(168-11100 ng/ml) or high value of transferrin satura-
tion in serum (40-90%, mean 77,17%). In this group 5
patients appeared to be carriers of the HFE gene muta-
tions typical for HH type 1 (3 homozygotes C282Y/
C282Y, 2 combined heterozygotes C282Y/H63D). In 4
out of 11 patients other HFE mutations were found - 2
homozygotes H63D/H63D and 2 heterozygotes H63D/
WT), which also predispose for iron accumulation
[24,25]. In two patients postinflammatory HCV cirrhosis
was recognized.
In the patients with genetically confirmed HH (5 out
of 9) and in patients with HFE gene mutation H63D/
H63D (2 out of 9 persons), the intense iron accumula-
tion within the liver was observed with 3 or 4 grade in
Scheuer’s scale (7/9). In patients with heterozygotic for
H63D HFE gene mutation (2 cases) and in only cirrhotic
patients the low and intermediate liver iron overload
was found (1-2 grade in Scheuer’s scale). The data are
presented in table 2. In the second subgroup - B, there
were 24 patients (12 men and 12 women) at the age 32-
81 years (median 69) with liver cirrhosis without signs
of liver iron overload (grade 0).
In MRI in T2-weighted image lower liver SI than back
muscles was observed in Express sequence in 8 cases
with iron overload, whereas in GRE sequence in all
patients with iron overload - all cases subgroup A. Aver-
age liver SI in GRE (fig. 4) in patients with iron overload
was lower than in the group of patients with cirrhosis
without overload - subgroup B (173 vs 298). The differ-
ence was statistically significant. The analogous
Table 1 Magnetic resonance T2-weighted sequences used
in the study.
Type of sequence TR (ms) TE (ms) PA (°)
GRE- T2 weighted 50 15 30
Express-T2-weighted 18000 80 90
TR - repetition time, TE - echo time, PA - pulse angle.
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sequence (277 vs 294). The relative liver to muscle SI
ratio was significantly different in group with iron over-
load (liver to muscle SI ratio < 0.896) and in patients
without iron turnover disturbances (liver to muscle SI
r a t i o>1 . 0 8 ) .T h er e s u l t sa r es h o w ni nf i g .5 .T h ep a r a -
meter liver-to-muscle SI ratio has high values as marker
of diagnostic efficacy and it is almost equal to certainty
(all diagnostic efficacy markers: sensivity, specificy and
efficacy, PPV and NPV are 100%). Moreover we noticed
faint relation between liver SI in Express sequence and
liver iron concentration, namely: higher concentration -
lower SI (fig. 6). This tendency is stronger in examina-
tion with GRE sequences (fig. 7) than in Express (fig. 6).
The evident correlation between liver-to-muscle SI ratio
and histological scale was observed - the higher iron
Figure 1 47-year-old man with normal hepatic iron level confirmed by the biopsy. Axial MR T2-weighted images performed on gradient
echo sequence show normal liver. The signal intensity of liver (fig.1a - the signal intensity of liver is 292) is higher than that of paraspinal
muscles (fig.1b - the signal intensity of paraspinal muscles is 181).
Figure 2 68-year-old man with cirrhosis and hemosiderosis confirmed by the biopsy. Axial MR T2-weighted images performed on
gradient echo (fig.2a) and Express (fig.2b) sequences show typical findings for hepatic iron overload. The signal intensity of liver (accordingly 23
and 56) is lower than that of paraspinal muscles (accordingly 436 and 269).
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r e l a t i o ni ss h o w nw o r s ei nE x p r e s st h a ni nG R E( f i g .8 ,
9). The biggest difference is visible between low and
intermediate iron concentration (1,2 grade) and higher
overload (3,4 grade) which is shown in fig. 10. Based on
the values of liver-to-muscle SI the cut-off value of the
index was found on ROC curve, which the most effec-
tively divides patients into low and high liver iron over-
load (fig 11). For the threshold at 0,645 method
sensitivity was 89%, specificity 73%, PPV-73% and NPV-
89%. The field under the curve shows efficacy of 80%.
Differences in liver SI (fig. 12) and liver-to-muscle SI
ratio (fig. 13) in GRE sequence were found depending
on pathogenic factor for cirrhosis. Differences between
HH, HCV/HBV related cirrhosis and HBV related cir-
rhosis groups are statistically significant (p < 0,01).
There was a statistic correlation between serum ferri-
tin level and Scheuer’s grading scale (fig. 14 rs = 0,62,
p < 0,001).
In experimental part of our study (fig. 15) we used
phantoms, which were a cheap, easy and acceptable
method of MR imaging standardization. We obtained a
good correlation between iron concentration in pork
liver and SI gained from sequences proposed in this
study and by Gandon [26] which could be used as a
reference method [27]. Thisc o r r e l a t i o na l l o w e dt o
acknowledge our methodology of examination as reliable
and reproducible. The GRE sequence was suitable for
iron concentrations from 10 up to 150 micromol/g dw
and Express sequence from 50 to 300 micromol/g dw.
By using both sequences detection of iron concentrasion
from 10 up to 300 micromol/g dw was possible.
In general, in the course of chronic diseases iron
deposition within the liver leads to the increase of the
existing oxidative stress, intensificates fibrogenesis, the
development of cirrhosis and increased risk of HCC.
Iron overload is found on histopathological exam in 32-
78% of the patients with long standing hepatic cirrhosis
[9,28]. In the presented study iron deposition was
observed in 45% of the patients with cirrhosis. In this
Figure 3 45-year-old man with cirrhosis and hemochromatosis confirmed by the biopsy and genetic examination. Axial MR T2-weighted
images performed on gradient echo (fig.3a) and Express (fig.3b) sequence show typical findings for hepatic iron overload. The signal intensity of
liver (accordingly 33 and 158) is higher than that of paraspinal muscles (accordingly 394 and 307).
Table 2 Group A description - 20 patients with iron
metabolism disturbances.
Iron content:
points by
Scheuer’s
grading scale
diagnosis number of
patients
4 Hereditary hemochromatosis
type 1 - HFE gene mutation
3
3 Hereditary hemochromatosis
type 1 - HFE gene mutation
2
HFE gene mutation
(2 homozygotes H63D/H63D)
2
HCV-related cirrhosis C 2
2 HFE gene mutation
(2 heterozygotes H63D/WT)
2
HCV-related cirrhosis (2) and
HCV/HBV related cirrhosis (4)
6
1 HCV/HBV related cirrhosis 3
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hemochromatosis. Ludwig et al. diagnosed hepatic iron
overload in 32% of the casesi nt h e i rs t u d yc o n d u c t e d
on 447 patients with liver cirrhosis, but inherited HH
only in five [8]. Above differences are caused by the
type of analyzed patients populations, a selective choice
of patients with HH and an advanced stage of cirrhosis
in our series where the patients were suspected of HCC.
MRI is an accepted method used for iron detection in
liver and other organs [11,22,29].
In MR imaging the increased liver iron concentration
prolongs T2 relaxation time and lowers liver signal
intensity, resulting in a typical hypointensive, dark liver.
The opinions about the influence of fibrosis and fatty
change grade on iron concentration in histopathological
and MRI liver images are divided, however, in majority
Figure 4 Box-and-whisker plots show mean liver signal intensity in patients without (0 pts in Scheuer’s grading scale) and with (1-4
pts in Scheuer’s grading scale) hepatic iron overload using gradient echo MR sequence.
Figure 5 Box-and-whisker plots show mean liver to muscle signal intensity ratio in patients without (0 pts in Scheuer’s grading scale)
and with (1-4 pts in Scheuer’s grading scale) hepatic iron overload using gradient echo MR sequence.
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Page 6 of 14Figure 6 Relationship between liver signal intensity in Express sequence in T2 weighted images (SI-T2) and iron content in liver by
semiquantitative histological Scheuer’s grading scale (Fe).
Figure 7 Relationship between liver signal intensity in gradient echo sequence in T2 weighted images (SI-GRE) and iron content in
liver by semiquantitative histological Scheuer’s grading scale (Fe).
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Page 7 of 14Figure 8 Relationship between the liver-to-muscle SI ratio in Express sequence in T2 weighted images (L/M ratio T2) and iron content
in liver by semiquantitative histological Scheuer’s grading scale (Fe).
Figure 9 Relationship between the liver-to-muscle SI ratio in gradient echo sequence in T2 weighted images (L/M ratio GRE) and iron
content in liver by semiquantitative histological Scheuer’s grading scale (Fe).
Szurowska et al. BMC Gastroenterology 2010, 10:13
http://www.biomedcentral.com/1471-230X/10/13
Page 8 of 14Figure 10 Box-and-whisker plots show mean liver to muscle signal intensity ratio in two groups of patients - with low to medium
(1-2 pts in Scheuer’s grading scale) and high (3-4 pts in Scheuer’s grading scale) hepatic iron overload using gradient echo MR
sequence.
Figure 11 Graphs showing receiver-operating characteristics (ROC) curve analysis to determine a threshold of liver to muscle SI ratio
suitable for differentiating patients with low to medium (1-2 pts in Scheuer’s grading scale) and high (3-4 pts in Scheuer’s grading
scale) hepatic iron overload using gradient echo MR sequence. The area under the curve corresponds to accuracy of this method. The
sensitivity of this method for the threshold of liver to muscle SI ratio - 0.645 is 89%.
Szurowska et al. BMC Gastroenterology 2010, 10:13
http://www.biomedcentral.com/1471-230X/10/13
Page 9 of 14Figure 12 Box-and-whisker plots show mean liver SI in gradient echo sequence in T2 weighted images of patients with cirrhosis of
different origins (0-HH, 1- HBV related cirrhosis, 2- HCV-HBV related cirrhosis and 3- HCV related cirrhosis).
Figure 13 Box-and-whisker plots show mean liver-to-muscle ratio in gradient echo sequence in T2 weighted images of patients with
cirrhosis of different origins (0-HH, 1- HBV related cirrhosis, 2- HCV-HBV related cirrhosis and 3- HCV related cirrhosis).
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Page 10 of 14Figure 14 Correlation between serum ferritin and Scheuer’sg r a d i n gs c a l e . Point for ferritin level of 11000 μg/L and grade 4 outplaced
in figure.
Figure 15 Relationship between SI and iron concentration in phantoms in different sequences.
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tion between MR image and biochemical markers of
liver iron storing is usually good [11,23].
Blood ferritin concentrations is widely used as a marker
of liver iron overload, but it has poor specificity in patients
with inflammation (for example hepatitis C) [27,30,31]. In
our study we stated correlation between ferritin level and
iron assessed by biopsy. Very high values of ferritin corre-
late with liver iron deposits mainly in liver cirrhosis that is
a consequence of hereditary hemochromatosis (HH). In
cirrhosis of different origin iron accumulation is not so
intense, often accompanies only severe necroinflammation
and ferritin values are lower compared to cases with HH.
Events that occur in end-stage liver disease may cause
decrease of ferritin values.
Alustiza et al. used not definite measurements of liver
SI for quantitative assessment of iron deposition in the
liver and a relative value expressed by liver to paraspinal
muscle SI ratio, reaching high detection efficacy of MRI
method [23]. Kaltwasser reported very high correlation
(r = 98%) between T2 liver signal intensity and iron
concentration in 10 patients confirmed with a biopsy
[29]. The group of Bonkovsky et al. found the best cor-
relation between LIC and the natural logarithm ratio of
the liver signal intensity and the background noise [32].
Gandon et al. reported that the effective assessment of
iron concentration within the liver parenchyma (LIC) is
possible in the range of 80-300 mmol/g. For values of
more than 300, the quantitative evaluation was impossi-
ble due to the complete loss of signal [11].
In our study, including previous analyses on phan-
toms, we did not observe the complete loss of signal,
even in the patients with very high iron concentration
(4 grade in Scheuer’s scale) [33]. Multitude of used com-
parative methods in MRI to detect iron overload in liver
is an effort of methodological standarization of this
method, but shows its relatively low reproducibility.
In recent years a significant development of quantita-
tive techniques for assessment of liver iron deposition
has been observed which use direct calculation of T2
a n dT 2 * b a s e do nm u l t i e c h oS Eo rG R Es e q u e n c ea n d
comparing calibration curves. Andersen et al. stated
negative log-linear correlation between Liver T2* and
HIC of 0,93 in liver without fibrosis [14]. The relation-
ship between R2 and iron concentration was nearly lin-
ear. St Pierre et al. in their research on large population
(over 100 patients) showed a curvilinear R2 relationship
between R2 and HIC, marked using biopsy, in clinically
significant range of iron deposition in the liver [12]. In
another study with 102 patients with iron overload and
13 healthy people, Wood and colleagues compared the
relationship between iron deposits and R2 and R2* [13].
HIC was assessed by biopsy in 22 patients with liver
iron overload and both R2 and R2* values correlated
closely with HIC, R2 had curvilinear realationship. Posi-
tano et al. proposed a global method to increase the
accuracy of T2* assessment using software phantom
resembling real image data, which allows to reduce the
operator dependence and sampling errors [15]. This
method can be successfully used to assess borderline
liver iron overload and monitoring therapy.
In presented study we used a well-known scheme -
the liver-to-muscle SI ratio and we received a correla-
tion between the-liver-to-muscle SI ratio and a degree
of iron overload (fig. 8, 9). Alustiza et al. did not achieve
the compliance between LIC assessed with spectropho-
tometry and MRI only in 13% of patients, our results
are similar (11% of patients) [22,32]. Some authors
advises to use gradient echo sequence, which is concor-
dant with our analyses [11,23,32]. The presented study
shows that GRE sequence is more sensitive (100% of
sensitivity) than Express one (40% of sensitivity).
In our study the correlation between iron concentra-
tion assessed seminquantitatively and signal intensity is
visible but weakly expressed (fig. 6, 7). It is caused prob-
ably by few reasons: a big difference in a patient’s indivi-
dual magnetic susceptibility, the lack of technical
calibration of equipment and different superficial coil
used in MRI exam. To avoid incorrect measurements,
coming from irregularity of the magnetic field on the
border of phase array coil, we used a body coil.
The significant difference is noted between liver-to-
muscle SI ratio between low grade iron overload (1,2
Scheuer’s grade) and high overload (3,4 Scheuer’s
grade). Relative liver signal intensity - liver-to-muscle SI
ratio lower than 0.645 is a marker characteristic for the
advanced iron overload with sensitivity of 89% and accu-
racy of 80% (fig. 11). This value divides our patients into
two clinical groups: with hepatic iron deposits according
to 1,2 grade in Scheuer’s scale and HH (hepatic iron
deposits contributing to 3,4 grade in Scheuer’ss c a l e ) .
On these grounds we can say that it is possible to diver-
sify the causes of pathological liver iron overload.
Ad i f f e r e n c eb e t w e e nl i v e rS Io rl i v e r - t o - m u s c l eS I
ratio and cause of liver cirrhosis has been proved: the
highest iron accumulation (the lowest signal of the liver)
was observed in group of patients with hereditary hemo-
chromatosis, lower in patients with HCV/HBV - related
cirrhosis and HCV-related cirrhosis and lack of patholo-
gical accumulation (the highest signal of the liver) in
patients with HBV-related cirrhosis (fig. 12, 14). A
major tissue iron accumulation is observed in hereditary
hemochromatosis type 1 homozygotic C282Y and com-
pound heterozygotic C282Y/H63D HFE gene mutations
leading to dysfunction of the HFE protein. In other
chronic viral or toxic liver diseases, iron overload may
be less pronounced as a result of synergy between both
genetic predisposition and influence of other pathogenic
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Page 12 of 14factors [34]. In alcoholic and viral liver injury iron over-
load accompany severe necroinflammatory process [30].
Alcohol as a promoter of iron accumulation may act
through increase of iron absorption or influence on hep-
cidin and transferrin expression [35-37]. Patients with
chronic hepatitis C present more severe hepatic iron
accumulation compared to chronic hepatitis B [16,17].
Iron overload is described in 17-30% cases of patients
with chronic hepatitis C and HCV-related cirrhosis [30].
In our study 4 from 14 patients with HCV-related cir-
rhosis (29% of cases) and 7 from 9 patients with coinfec-
tion HCV/HBV-related cirrhosis (77% of cases) had
recognized acquired iron-overload disorder. Probably
impairment of hepcidin expression, that is a main iron
metabolism regulatory protein is caused just by HCV
infection [38]. Presumbly in cases with hepatitis B
(HBV) and C (HCV) viruses iron loading if present is a
result of pathogenic influence of HCV. Coinfection with
HCV/HBV viruses usually is associated with higher risk
of unfavourable course, treatment difficulties and rapid
progression of liver fibrosis. Evaluation of both reasons
and intensity of iron overload as a potential prognostic
factor in that coinfection needs detailed analysis.
There are some limitations of our study. First of all we
did not compare liver SI and the liver-to-muscle SI ratio
to quantitative, real HIC, but to semiquantitative histo-
logical evaluation. Secondly, in time of new generation
equipment with possibility of performing multiecho SE
and GRE sequences with direct conversion of T2 and
T2* in quantitative iron content, our methodology is not
modern, but still signal/ratio technique is widely used.
However information achieved thanks to it can lead to
new direction in research of liver cirrhosis of different
origins and allows to assess iron accumulation using
non-invasive technique.
Conclusions
In summary, MRI with use of gradient echo sequence in
T2-weighted image is very useful and non-invasive
method for detection of liver iron overload in patients
with cirrhosis of different origins. GRE-T2-weighted
sequence is characterized by a higher sensitivity than
Express in evaluation of iron deposition in the liver.
MRI enables to diversify between low and advanced
liver iron overload which correlates with the origin of
liver cirrhosis.
Abbreviations
dw: dry-weight; GRE: gradient echo; HH: hereditary hemochromatosis; HIC:
hepatic iron concentration; LIC: liver iron concentration; MR: magnetic
resonance; MRI: magnetic resonance imaging; NPV: negative predictive value;
PCR: polymerase chain reaction; PPV: positive predictive value; ROC: receiver
operating characteristic; SE: spin echo; SI: signal intensity; ww: wet-weight.
Author details
1Department of Radiology, Medical University of Gdansk, Debinki 7, 80-211
Gdansk, Poland.
2Department of Infectious Diseases, Medical University of
Gdansk, Debinki 7, 80-211 Gdansk, Poland.
3Department of Pathology,
Medical University of Gdansk, Debinki 7, 80-211 Gdansk, Poland.
4Molecular
Diagnostics Division, Department of Biotechnology, Intercollegiate Faculty of
Biotechnology, University of Gdansk and Medical University of Gdansk, Kladki
24, 80-822 Gdansk, Poland.
Authors’ contributions
ES has substantial contributions to study design, data collection and
interpretation, statistic analysis and manuscript preparation. KS has
contributed to study design, data collection and interpretation, manuscript
preparation and founds collection. EIS has contributed to data collection
and interpretation and manuscript preparation. TN has contributed to data
collection and interpretation, statistic analysis and manuscript preparation. TR
and KPB have performed molecular genetic studies. MS has contributed to
study design and has coordinated research team. All authors have read and
approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 29 July 2009
Accepted: 27 January 2010 Published: 27 January 2010
References
1. Edwards CQ, Griffen LM, Goldgar D, Drummond C, Skolnick MH, Kushner JP:
Prevalence of hemochromatosis among 11,065 presumably healthy
blood donors. N Engl J Med 1988, 318:1355-1362.
2. Phatak PD, Sharm RL, Raubertas RF, Dunnigan K, O’Leary MT, Braggins C,
Cappuccio JD: Prevalence of hereditary hemochromatosis in 16031
primary care patients. Ann Intern Med 1998, 129:954-961.
3. Kuntz E: Hepatology principles and practice. Springer Verlag, 2 2006, 618.
4. Feder JN, Gnirke A, Thomas W, Tsuchihashi Z, Ruddy DA, et al: A novel
MHC class 1-like gene is mutated in patients with hereditary
hemochromatosis. Nat Genet 1996, 13:399-409.
5. Burt A, Portmann B, Ferrell L, Eds: MacSween’s pathology of the liver.
Genetic and metabolic liver disease. Disorders of iron metabolism.
London Churchill Livingstone Elsevier 2007, 256-284.
6. Nielsen P, Engelhardt R, Düllmann J, Fischer R: Non-Invasive Liver Iron
Quantification by SQUID-Biosusceptometry and Serum Ferritin Iron as
New Diagnostic Parameters in Hereditary Hemochromatosis. Blood Cells,
Molecules and Diseases 2002, 29(3):451-458.
7. Bassett ML, Halliday JW, Powell LW: Value of hepatic iron measurements
in early hemochromatosis and determination of the critical iron level
associated with fibrosis. Hepatology 1986, 6:24-29.
8. Pietrangelo A: Iron in NASH, chronic liver diseases and HCC: how much
iron is too much?. J Hepatol 2009, 50(2):249-51.
9. Ludwig J, Hashimoto E, Porayko MK, Moyer TP, Baldus WP:
Hemochromatosis in cirrhosis A study of 447 native livers.
Gastroenterology 1997, 112:882-888.
10. Gandon Y, Guyader D, Heautot JH, Reda MI, Yaouang J, et al:
Hemochromatosis: diagnosis andadania quantification of liver iron with
gradient-echo MR imaging. Radiology 1994, 193:533-538.
11. Gandon Y, Olivie D, Guyader D, Aube C, Oberti F, Sebille V, Deugnier Y:
Non-invasive assessment of hepatic iron stores by MRI. Lancet 2004,
363:341-342.
12. St Pierre TG, Clark PR, Chua-anusorn W, Fleming AJ, Jeffrey GP, Olynyk JK,
et al: Noninvasive measurement and imaging of liver iron oncentrations
using proton magnetic resonance. Blood 2005, 105:855-61.
13. Wood JC, Enriquez C, Ghugre N, Tyzka JM, Carson S, Nelson MD, et al: MRI
R2 and R2* mapping accurately estimates hepatic iron concentration in
transfusion-dependent thalassemia and sickle cell disease patients. Blood
2005, 106:1460-5.
14. Anderson LJ, Holden S, Davis B, Prescott E, Charrier CC, Bunce NH, et al:
Cardiovascular T2-star (T2*) magnetic resonance for the early diagnosis
of myocardial iron overload. Eur Heart J 2001, 22:2171-9.
15. Positano V, Salani B, Pepe A, Santarelli MF, De Marchi D, et al: Improved
T2* assessment in liver iron overload by magnetic resonance imaging.
Magn Reson Imaging 2009, 27(2):188-97.
Szurowska et al. BMC Gastroenterology 2010, 10:13
http://www.biomedcentral.com/1471-230X/10/13
Page 13 of 1416. Fujita N, Sugimoto R, Urawa N, et al: Hepatic iron accumulation is
associated with disease progression and resistance to interferon/
ribavirin combination therapy in chronic hepatitis C. J Gastroenterol
Hepatol 2007, 22:1886-93.
17. Takeo M, Kobayashi Y, Fujita N, et al: Up-regulation of transferrin receptor
2 and ferroportin 1 mRNA in the liver of patients with chronic hepatitis
C. J Gastroenterol Hepatol 2005, 20:562-569.
18. Bonkovsky HL, Lambrecht RW, Shan Y: Iron as a comorbid factor in
nonhemochromatotic liver disease. Alcohol 2003, 30:137-144.
19. Scheuer P, Williams R, Muir AR: Hepatic pathology in relatives of patients
with hemochromatosis. J Pathol Bacteriol 1962, 84:53-64.
20. Ludwig J, Batts KP, Moyer TP, Baldus WP, Fairbanks VF: Liver biopsy
diagnosis of homozygous hemochromatosis a diagnostic algorithm.
Mayo Clin Proc 1993, 68:263-267.
21. Sikorska K, Stalke P, Jaskiewicz K, Romanowski T, Bielawski KP: Could the
iron deposits in hepatocytes serve as a prognostic marker of the HFE
gene mutations?. Hepatogastroenterology 2008, 55:1024-8.
22. Ernst O, Sergent G, Bonvarlet P, Canva-Delcambre V, Paris JC, L’Hermine C:
Hepatic iron overload: diagnosis and quantification with MR imaging.
Am J Roentgenol 1997, 168:1205-8.
23. Alustiza JM, Artetxe J, Castiella A, Agirre C, Emparanza JI, et al: Gipuzkoa
hepatic iron concentration by MRI Study Group MR quantification of
hepatic iron concentration. Radiology 2004, 230:479-484.
24. Fairbanks VF, Brandhagen DJ, Thibodeau SN, Snow K, Wollan PC: H63D is
an haemochromatosis associated allele. Gut 1998, 43:441-2.
25. Aguilar-Martinez P, Bismuth M, Picot MC, Thelcide C, Pageaux GP, Blanc F,
Schved JF, Larrey D: Variable phenotypic presentation of iron overload in
H63D homozygotes: are genetic modifiers the cause?. Gut 2001,
48:836-842.
26. Gandon Y: Iron, liver and MRI http://www.radio.univ-rennes1.fr/Sources/EN/
Hemo.html.
27. Deugnier Y, Brissot P, Loreal O: Iron and the liver Update 2008. Journal of
Hepatology 2008, 48:113-123.
28. Turlin B, Deugnier Y: Evaluation and interpretation of iron in the liver.
Semin Diagn Pathol 1998, 15:237-245.
29. Kaltwasser JP, Gottschalk R, Schalk KP, Hartl W: Non-invasive quantitation
of liver iron-overload by magnetic resonance imaging. Br J Haematol
1990, 74(3):360-3.
30. Guyader D, Thirouard AS, Erdtmann L, Rakba N, Jacquelinet S, Danielou H,
Perrin M, Jouanolle AM, Brissot P, Deugnier Y: Liver iron is a surrogate
marker of severe fibrosis in chronic hepatitis C. J Hepatol 2007,
46(4):587-95.
31. Olthof AW, Sijens PE, Kreeftenberg HG, Kappert P, Irwan R, Jagt van der EJ,
Oudkerk M: Correlation between serum ferritin levels and liver iron
concentration determined by MR imaging: impact of hematologic
disease and inflammation. Magn Reson Imaging 2007, 25(2):228-31.
32. Bonkovsky HL, Rubin RB, Cable EE: Hepatic iron concentration:
noninvasive estimation by means of MR imaging techniques. Radiology
1999, 212(1):227-34.
33. Nowicki T, Szurowska E, Markiet K, Gwozdziewicz K, Studniarek M:
Quanifivation of iron concentration by means of magnetic resonance: A
pilot study. Ex Clin Hepatol 2008, 4(2):71-74.
34. Pietrangelo A: Hemochromatosis gene modifies course of hepatitis C
infection. Gastroenterology 2003, 124:1509-23.
35. Bonkovsky HL, Lambrecht RW, Shan Y: Iron as a comorbid factor in
nonhemochromatotic liver disease. Alcohol 2003, 30:137-144.
36. Suzuki Y, Saito H, Suzuki M, et al: Up-regulation of transferrin receptor
expression in hepatocytes by habitual alcohol drinking is implicated in
hepatic iron overload in alcoholic liver disease. Alcohol Clin Exp Res 2002,
26:26-31.
37. Bridle K, Cheung TK, Murphy T, et al: Hepcidin is down-regulated in
alcoholic liver injury: implications for the pathogenesis of alcoholic liver
disease. Alcohol Clin Exp Res 2006, 30:106-112.
38. Miura K, Taura K, Kodama Y, Schnabl B, Brenner DA: Hepatitis C virus-
induced oxidative stress suppresses hepcidin expression through
increased deacetylase activity. Hepatology 2008, 48:1420-9.
Pre-publication history
The pre-publication history for this paper can be accessed here:http://www.
biomedcentral.com/1471-230X/10/13/prepub
doi:10.1186/1471-230X-10-13
Cite this article as: Szurowska et al.: The role of MR imaging in
detection of hepatic iron overload in patients with cirrhosis of different
origins. BMC Gastroenterology 2010 10:13.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Szurowska et al. BMC Gastroenterology 2010, 10:13
http://www.biomedcentral.com/1471-230X/10/13
Page 14 of 14